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‘J1]le\~il)latiol]  -rc)tatic)l] s])c:ctruln of t,llf:2>l+  gmulId stdt,cof  stI-c)lltilllll  ]llc)Ilc)llj’clliclCl  las

lKHI NT.ordcd ill C]nissioll  usillga l“ol]ric]tlallsfc)l]]l  s])cdro]ndw. ‘J’llcrotatimlal  slwctrad

Sri]  alId  Sr]) l]avcalsolmml ]nmsud Imt,wcml  200 (;llz alId 450 (;llzusillgall  al)sor])tio]l

S])ccil’ollmtcr. ‘1’IIc gas })lIasc  frw ]adicals  lIavc I)CCII  ]) IOCIUCXXI ill a cmalnic  furllacc l)y tllc

rmc.tio]l of dmllcv]tlal  strolltiul]l  with ]nolw.ular lIydrogc:II c)r dcutmill]]l ill tllc ]) IWCIICC of a

IIigll  voltafy  ddrical discllargc. ‘1’lIc IIIolccular  co]lstallts including  tl]e rotatio]lal  co]lstal]t,

cc]ltlrifugal  distortio]l  collsta]lt)s , s])i]l-rotatlio]l c.o]lstallts, aIId lllag]]dic  lIy])cs IfiII(: i])tmactio]l

CO]]stallts  IIaw: l)CCII ddmI]i]ld fro]n tlIC s])wtrao



‘j’]Ic diatc)lnic  mc:tal IIydridcs lIavc colitril)utd  significantly  k) l)ctt,cr Illl(lt:lstallclillg;  o f

dlmnical  Imlldillg  I)wallsc  of their  suscq)til)i]ity  to ddaild  IIigllcr lcvd II IolccLlla  I calc.ula-

tiolls. AI IIOIIg  tlIcsc sl)ccics, tllc IIl{)llolly(lri{l{:s  of tlIc alkali ]lecartll lndals  lIavc mxiwd

collsidcral)lc at, tcnticn) l)otlI froln tllc ex])clilllcl]  talists  alId tllc tll(.olct,icial!s. ‘J1lIC lllollc)-

l)ydridcs of Mg, Ca, S], alId IIa arc rdativdy  msy  k) sylltllcxizc  ill tllc gas-l) lIasc slid lIavc

illtJmmtillg2  >;+ grcmIId  stab, Additionally, some of tlImc lnolwular  s})cxics (Mgl] aIId Call)

arc im])mtallt  astrophysical molcc.ulm [1-2] and tl)cir l)rcscIIcc IIas l)mI ddjm.tcd ill tlIc SUII

and otllcr stars [3-(i].

I I I  tllclal)olatc)lj’,  tllc ]Iydridcsof  alkalil)c-cart]l )Ildalsllavcl)ccl)  il)tcl)si~’[lytxall)iliccl

tllrougli tllcir  o})ticd sl)dra [7-11]. ‘]’]Ic ]I;S]{ s])wtra  o f  tllcsc sl)ccics  tral)l)d ill solid

illcrt gases at 4 1< lIavc also l)cclI illvcstigald  l)y Kl]igllt  d al [12]. l{cccIIt,ly,  tlIc gas-l )lIasc

vil)lati[)ll-rotati  c)ll spdra of tllmc free radicals lIavc l)ccII Iccordcd Imt]l usil]g diode lasers

[8,9,1 1] a])d l’ouricr tra]lsforl,l S])cc(,l”c)ll  l(!lcl”s  [13,14]! llowcwr, tllc gas-I) lIasc rotatjimlal

sl)cctra IIavc I)CCII rcmrdcd oIIly for tllc II)c)llol)y(iliclcs  of h4g aIId (Ia [15-17]. III LIIC l)rcsellt

8%11)  and tl)cir isc)tc)l)c)lil(:ls.  Srllstudy wc illvcstigatcd  tllc rot)atic)llal  sl)cctra of 88S)11  and

IIas large IIyl)crfillc s~)littillgs  wllicli allow t}Ic {l~t(:ll[lill~tic)ll  of tllc 11’enlli coIltact,AiS,,, al]d

. .S1)III (I]]) Olal)  Adi),) IIyl)crfil)c l)alall)ctcrs.

‘J’]Ic first Ol)servat,im)  of S111 was rcl)ortd 1I101C tllall  s ix ty  years  ago I)y WafSoll  iilld

IJdrikswl  [18] w’llc)allalyzc(l  tllc((],())all(l  (l,l)l)allcls  c)ftl)(’A  211 - X21J+ c~l(:ctlc)llicsystcll].

III tl]c last dccadc, tllc A211 - X2X+ aIId tllc 112>1+ -X2 X-I systcl))s  were rcillvcstigatd  at,

IIigllcr  r e s o l u t i o n  l.)y Appcll)]ad  d al []9] usillp;  a IJourim tIaIIsforIIl sl)cctrolnctcr.  Addi-

tionally,  tlIc rotatjic)ll-l’il  )ratiol] sl)cctra of tfllc 2>;+ grmIIId states of tlIc Sri] aIId SI1) were

l)lcas~llccll)yhlag;g d al []]] and l)yllirk  rf al[t?()].
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l’;XIJI’;){IMI’; NY’AI,

‘1’l)c lc)tatioll-vil)ratic)l)  mnissiml sl)edruln of Sr]l lIas I)N:II olmrvcd  using a IIigll-](:soll]tioll”

IIruk(:r 1 l~S 120 S]) CCtM)IIX’tCI. ‘1’lIc illst:wll}mlt  wds slightly IIlodifid to allow sl)mtral  IIICa-

SIITmIICIIt ill mnission. A 90°, ofl-axis  l)aral)olic  lnirror  (focal ]cIIgtl I = 6 ill) w~s j)laccd al)ovc

tlIc ali~;il]ncllt ]mt ill tlIc source co]n]mrt]nc]lt, of tllc s]m.tmIndcr, ‘J’l]is  ]Ilirmr was used to

collect tlI(: IIIolcculaT mlissioll  fro]]] tllc lIot cell wlIm: tllc free radicals  lIavc IN(’II ])ducd,

‘J’IIc gas plIasc Sri] was ])roduccd iII a silnilar A1203 c.malllic. t,ul)c fulllacw usd l)rm’iously

to record tllc I’il)lati{)ll-lc)tlatioll aIId rot,atiollal  sl)cctra of (;all aIId Cal)  [14,1 6], ‘j’lIe frm

radical was gc:lmatd at IIigll  tml)l)crat[]rm  l)y tllc ruadioll  o f  II)dal  val)or aIId IIIolecula  I

lIydrogcII  ill NI clcc.trica]  disclla]gc.

Al)out 6  gIalIIs of clclllcl)t,al stroll  tiull) (. IO IIIISOII  h~attll(y,  ,. .()() ‘~. ]}lllity ) w~(.1(: l)]:ICCCI

ill t,l Ic lIIiddlc  of tllc 9 0  Cln lol Ig, 5.0 cm diall)ctjcl  ceralnic.  furllacc. A  quartz  lillcr wfis

11s(:(1 t,o Scparat)c tll(: II IoltcII ]nctjal  aIId 1,11(:  allln)illa  wal ls  of  tlIc furllzicc. ‘J’l Ie II Irt, al m’ds

s lowly  lIcatcd wlli]e l)ull)l)illg;  to M: IIIOVC t,llc illll)ulitim. ‘1’lIc telnl)cral,urc  was II)ollitod

with a l’t tllcll])c)cc)ll~)lt:  })lacd  I)etwcwll tlIc crralllic, tul)c aIId 1,1 Ic ]lcat,illg dc]nclltls.  WIICII

tli(:t~~llll)clatlllclca  cl)ccl 6300(; tlIcl)ulIIl)  wasvalvd  dowII alId a lllixtuIrof  argon g,as aIId

II Iolwula I ]IydrogcII  was a]]owcd illtot,]le cc]]. A slnall  flow of Ar/]12 mixtumwas  II)ai]l

ill or(l(’r  to ])rcvcl)t tllc I)uildu])  of ulldcsiral)le iln})uritim.

A  1)(; clmtrical  clisc.llalg(.\  \asgc’llelziti:cl  ill tlIe ll)ixtlllcl)ct~t’c’cl)  watcru)old  C]{*CI

aillcd

l’odm

placed ill- l)otll (!11(1s of t]lc tlll)c. As ill tlIC case of (;all  [14] 110 IIIOlKIIlaI  sig]lal could

lK: ol)scrvcd  without tllc discllargc. IIowcvcrtl}c  signal  w a s  strongm  tllall  tlIc (;al]  signal

~)rol)al)ly  ])ccausc  tlIC S]112 wllicl] also forlll ill tlI(:  rract,io]l is less st,al)lc  tlIalI tli(: calciu]n

(xjl]ival(:llt aIId IIIOIC rosily IWIIICH1  to S111.

‘llIIC ulla])odizd  rcsolutlim]  of tl](:  sl)cctmnctcr  was 0.0056 CIII-], A l{l{ll)calll-sl)litt~l

alId a ll:Si liquid IIcliul])  mold dctcctol  wcm USCXI. ‘1’lIC  sl)cdral l)alldl)dss was lil)}it(xl to
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Clcctrical cliscliargc was vmy stal)lc allc)willg  sllfliciclltl  sl)cctral illt,q; ration to ol)taill  a l)ctter

tflIaII 65:1 sigilal-tolloisc  ratiofm t,lIc strollgcstl  lillm. A }mtioll  of tll{:r{)tatic)llal  slmctnllll

Sri]  is SIIOWII ill l“igurcl l]. ‘1’llc WCIIICSOIVM1  lil(Jlcc[llalt  Iallsi(ic)lIsc]f  Sri] arc2-2.[)  h~llz

wide  witjll  l)o])])lcr and ])mssurc Lroadellillg  qually  co]ltril)uti  Ilg to tlIc lillc widt]ls. l“or tll IC

l)urlmx:of  tllc fit aII ullcdailltyof  150 kllzwasassiglld  tocaclllc)t,atic)llal  IiI}(:.



I) ISC:IJSS1ON

‘l)lIC slmiral analysis of tlIc i]) frawd slmctrum  was carrid out using l’(;-l)lK;oh41’,  a

slmct, ral analysis l)rograltl  dcwcloped  l)y J. W.llrault,  of tlIc INatimlal %)lal” o b s e r v a t o r y  at

l{itt  l’cak. ‘J’lIc  mvil)ratimlal  lillc l)mfilcs W(:IC f i t t e d  to Voigt lillc slIalw ful]ctiol)s.  ‘1’IIc

l a r g e r  covcragc availal)lc  wit]] ilIc l“’JIS allowd tllc ]Ilcasurclncllt of a lalger  IIUIIIIKT  o f

l’il)lati[)l]-rotatic)ll  ]incs ill lmt]l tl}c  1’- and 1{-lnal)cllm. IIowcxw, duc to tllc  sm)sitlivity o f

o u r  il)strulncllt,  tlIc data set is lilllitcd oIIly to tllc stm)gcst  fullda~llclltal  lmIId  aIId to J-

valucs ]owcr than  20. ‘I’l Ic IIlcasud  l’il)latioll-lotatioll  trallsitiolis  of S111 arc given ill ‘J’al)lc

1. ‘J’lIc II]olccular  un)stallts WCIC  cxtractcd  l~y least-squares analysis using S1’l’lrl’,  a slmtruln

fitting  all(l)  )rc(lictil)g  }~r[)gralll  w'rittcIl l~j'll.h4. l)ick(:tt  [23]. ‘I’llclotatio)laltr allsiti{)llsmclc

l~rc{lict,ccll  lsillgt llcsecollstal)tsal  l(l tllcllyl)crfiIlc  coIlstalltsl  tlcaslllc{ll)  yl<lligllt(:tal  [12]

011 lllatrixisc)lat~:(l  SIII. lJsillg  tllc})lc(licti(  )lltll(:lly  ])elfill(:c{)l )]l)()I)cllts{j ftllc Nz 2-1, N= l-()

trallsitiol}s  of tl]cv~” O alId v = 1 statm of %]-11,  aII(l tll(: Al > 2- 1 of tllc t) =- O st, atc of

tlIc %r}] could lW rdily lncasumlo ‘1’lIcl)lcIIdcd fcaturcsfo] tllc A T  = 3- 2, Al = 3- 4 ,

88SI]) aIId jV = 3 - 2, IV = 3 - 4 tlrallsitio]ls  oftrallsitiolis  of v = O alId v = 1 s t a t e s  o f

tllcv= O alId v=. 1 states of Wir])  l!’clcalsc)ll)casllrc(l,  Sri] data cm)sist  of tlllrckilldsof

trallsitiolls.rl’llcAl’=  AJ: 1  tlallsiti()llsa lctllcst l()llgcstall(  l;iljl)cal\\c ]Ircsolvc  dill lK)tlI

N= l-O~lId N=-2-1 transitimls.  ‘l IIIc A}~’= AJ= oa IId AI(’= (), AJ =- 1  tlal]sitiollsfil(:also”

rcsolvcdbut  tllcirillt(:llsi  ty(lil])i  llisllcsall(l  tllcw'cak{:stt llrct:t lallsiti()llsc(  )111(111  ()tl)clt~lial)ly

ll~easurcd.  ‘1’lIc ol)scrvcd  Sri) t,rallsitimls  al)lxar as })artially Icsolvd  or uIIIrsolvcd tril)lcts

wit]] AA’ = AJ = 1, ‘J’l]crcforc, tlIc rclmrt,cd SII) frcqucllcics am givcl] as tl)c c.cIIt,cr  of tllc

l)leIIdd lnulti~)ld.  ‘J’llclllcaslll{’{1  rotational tlal}sitiollsfo18sSlll”  and 8GSIII listed togctllrr

wi th  tllcir  assiglllncllt arc slIowII ill ‘J’d})lc  11. 88Srl) dlId 8GSrl) lillcs arc listed ill ‘1’al)lc 111

togctl]cl  wit]l tllc c.alculatd  fmqllm]cicsof  Lllc ll~~l)c]filic(  ollll)ollcllts[)f” cac.11 It)casllrd lillc

and tllc weigj}tcd  avcragcof  tll IC uIIIcsolvcd  lIylmfilIc  IIlultil)lct.



‘1’IIc data were aIIalyzcd  usil Ig tlIc }Iallliltolliall  for a llulId’s case (h) 2);+ Inolcc.ulc wit]l

IIuclcaI  spill,  I. ‘J’IIc case bp.1 for tlIc lIuclml  sl)ill coul)lillg,  was assulllcd.

11 = IIrjs -1 JJ}Lj,

IIlj, ~ }IN2 - I)N4 -{ IING + (~ -t -yl,N2)N o S

‘3}LjS c Ai~(,l  . S -I Adi1,[312,f’z  - 1. S] -1 C’l) . S

WIICIW  11, 1), II ,7, aIId ~Ij arc tl)c rotatim)al,  quartic  aIId scxtic cmltrifugal distortiml,  alId

sl)ill-rotatioll  il]tx:ractioll  colIst,al  Its. ‘1’IIc lIylmfiIIc illtcrac.timl  is cxj)rcsscd as tlIc suln o f

tlIc isotq)ic  aIId dilmla] sl)ill-sl)ill,  aIId IIuclcar s])ill-rotatioll illtfcractiml Colltlil)llti[)lls.  ‘1’lIe

value of C] is IIot dctcrlnillcd  fro]]) tllc data  aIId tlIc lIuclcaI  sl)ill- rotatiml  tmn was excluded

froln tllc fits. ‘J’llc data  do IIowcvcl a now alI ul)lwr ]ilnit of < 100 kllz to I)c ])lacd  011 tlIc

magl~itudc  of tlIc IIuclcar  sl)ill - mtjatiol]  interaction  collstallt,

‘1’lIc 88S]11  vil]latic)ll-rc)tati{)ll  al]d rotatiolla]  d a t a  w e r e  fittd  togctllu.  ‘1’lIc standard

deviation of tlIc fit was almut 100 kllz, slightly sIIIallcr tllal] ilIe 150 kll~j  cx}mil]mltal  error

d tlIc rotatiolial  ]incs. ‘J’IIc ‘8SII) rotatliol)al data was fittd tmgdlIeI wit]} tllc diode laser

vil)ratiol)al data of IIirk d al  [20] .  ‘J’l Ic l“mni  contact  al]d tllc dilmlar illtcractiol] tcrlns

w~~~[: fix~:~]  to t,]~~ va]ll~s ~al~lllat,[.~]  fl~)lll  ~{)llstallts of S:]] llsillg t]lc isot,ol)c  lc:]tlt,ic)llsllil)s

([Ai,gflA~ir]l)~  1)]/1])11])/jl],[Aisc, Adil,]}l).  ‘I’llcsc  ct)llstallts togctllcll~~itll  tllclt)tati~)llal,~~ll-

trifllgal distort  jioll)  and sj)ill-rotatioll illt)cractiml c.olistalltsof  Sri] alId Srl)lnaill  isotlol)olllc]s

arc also slIowl I in ‘1’al)lc IV. 1“01. tlic II)illor isotol)olncrs ‘6S]]] aII(l 8GSI-] ) oIIly few rotlatiol]al

transitions  could  bc IIlcasurcd. ‘1’IIc data  was fitted kq)i]lg all tllc cw]stallts  excq)t tlIc N)-

tatiolla] ccnlstallt  fixed to t)l IC values dctcrlnillcd  frolll tllc constants  of tlIc II)aill isotolwlilcr

llsillg tllc isotqw relatiollslli])s.

‘~’lIc p;as })llasc value of tllc IJcrl]li  cmltact  collstallt,  Ai~() is 24 hlllz lalgm  tllal] tllc argoII

lnatrix  value of 122 h411z . ‘1’IIc sal]lc tIeIId is oljscrvml ill hlgll  aIId (;all WFIICIC tllc (lifl’mr]]cc



Iwtwccll  tlIc gas ])lIasc alId  tlIc II)atlix values of t,lIc isotro])ic  colIstalIt illcrcascs also. ‘J’])is

i s  cxl)cctd  siljcc as tlIc lIIctal atOIII l)ccol  IIcs IIcavicr 1,1 Ic sl)ill dclisity on  tlIc lIIctal at,oIII

illclcases aIId tlIc l)cnldillg l)ccOIIIcs lIIOIC iollicm ‘1’lIc dil)olar il]tmactiol) coIIstaIIt,  Adi}, i s

IIIOIW tlIa.11  twit.c tl]c lnatrix  value of 0.6 h411z.  ‘J’llis is diffcmlt,  froll] high  aIId (;all wllcrc

tllC differmlcc Imtw(’cll  tllc gas-l) lIasc Value alId IIlat,rix value is IIcg]igil)]c,

WC also calculated tlIc lillc  illkl)sity  , lji(7’))  fol” tlIc low- AT rotatiol)al  trallsitimls  of 211+

gloull(l  Stat,cs  of 8%1’1 I al)d 88s1”1 ) Wcordillg  to

$’Wllcl’c vj~, ,. J*, /12, l!!”, );’,  alId QrS arc t,l]c trallsitim] frequellcyl  lillc stmIgtlI,  t,lIc co III]Kmmt

of tlIc di]mlc  )nol Ilcl It aloIIg t,llc illt,crlluclcar axis, IOwcr and U])l)cr s tate  ellcrgies aIId tllc

lc)tatjic)ll-s})ill  ~)artitioll  fullctiol], mslwc.tivc]y. ‘1’IIC rotjatiollal  lillc stwl]g(lls,  tllc eIIergics,

al]d tlllc li]]c i]it,  cnsity  (rc]mrtcd  as Iog(ly)),  calculatjcd  for //2 = 11) alId ‘1’ : 3001{ arcgivc]l

ill ‘1’al)lm  V alId V]. ‘I’l Ic ullccvtail)ty for tllc frcqllmlcy  (listed ill l)amllt,llcsm)  is aII cst,illlatc

of tllc calculated ullc.crtai]lty  lmsd 011 tlIc lillcarizcd least, square fit.



‘J’]Iis IcscaN.]1  w a s  pcrfomd at L]IC Jd l’ro}n]]sim] IAlmrato]y, California IIistitjutc  of

‘I’ccl  II IolC)gy,IIIICler cmltract  with tlIc NatioIIal  AcmIIautics  aIId Slmcc Aclll~illistlatic)I]. C.1.l?

aIId J.J, O. 1,1 Iank tlIc National  l{csca IdI Coullci]  for NI{C-NA,SA  l{csidellt  l{csmrcl I Assoc. i-

ai,csllil) duril)g l,llis  rcscalcl  I.
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!l’alJle 1. Measurcx] ro-vibrat,ic)na] transitions of Srll (cm - ] ) .

3 1 2.5
3 1 3.5
4 1 3.5
4 1 4.5
5 1 4.5
5 1 5.5
6 1 5.5
6 1 6.5
‘7 1 6.5
7 1 7.5
8 1 7.5
8 1 8.5
9 1 8.5
9 1 9.5

10 1 9.5
10 1 11
11 1 11
11 1 12
12 1 12
12 1 13
13 1 13
13 1 14
14 1 14
14 1 15
15 1 15
15 1 16
16 1 16
16 1 1’7
17 1 17
17 1 18
18 1 18
18 1 19
19 1 19
19 1 20

=.. . . ..-

2 0 1.5
2 0 2.5
3 0 2.5
3 0 3.5
4 0 3.5
4 0 4.5
5 0 4.5
5 0 5.5
6 0 5.5
G o 6.5
i’ o 6.5
7 0 ?.5
8 0 7.5
8 0 8.5
9 0 8.5
9 0 9.5

10 0 9.5
10 0 11
11 0 11
11 0 12
12 0 12
12 0 13
13 0 13
13 0 14
14 0 14
14 0 15
15 0 15
15 0 16
16 0 16
16 0 17
17 0 17
17 0 18
18 0 18
18 0 19

1193.57150
1193.68140
1200.17953
1200.28447
1206.61244
1206.71260
1212.87035
1212.9G381
1218.94528
1219.03719
1224.84024
1224.92835
1230.55000
1230.63170
1236.06958
123G.1433G
1241.39529
1241.46631
1246.52573
1246,59648
1251.45977
1251.52136
1256.19034
1256.24815
1260.71791
1260.77240
1265.03715
1265.08804
1269.14876
1269.19091
1273.04559
1273.08389
1276.72936
127G.75951

-0.00008
0.00029
0.00088
0.00075
0.00016

-0.00028
0.00106

-0.00158
-0.00124
-0,00086
-0.00056
0.00065
0.00101
0.00049
0.00158

-0.00210
0.00056

-0.00106
-0.00041
0.00259
0.00056

-0.00064
-0.000G1
-0.00057
-0.00051
0.00129

-0.00158
0.00178

-0.00024
-0.00040
-0.00085
0.00044
0.00110

-0.00041
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Table 111. Mcmsurcxl relational transitions of SrlJ (Jlhz).

-.. -—- —

-.

3 3.5 4.5
3 3.5 3.5
3 3.5 2,5
4 3.5 3.5
4 3.5 4.5
4 3.5 2.5
4 4..5 5.5
4 4.5 4.5
4 4.5 3.5
4 4.5 5.5
4 4.5 4.5
4 4.5 3.5

3 3.5 4.5
3 3.5 3.5
3 3.5 2.5
4 4.5 5.5
4 4.5 4.5
4 4.5 3.5

88s11)
2 2.5 3.5
2 2.5 2.5
2 2,5 1.5
3 2.5 2.5
3 2.5 3.5
3 2.5 1.5
3 3.5 4.5
3 3.5 3.5
3 3.5 2.5
3 3.5 4.5
3 3.5 3.5
3 3.5 2.5

‘6s1’1 )
2 2.5 3.5
2 2.5 2.5
2 2.5 1,5
3 3.5 4.5
3 3.5 3.5
3 3.3 2.5

Exj ) . 1“1’(![]  , Avg.dc. o.- c.. (Lilt.1’’r(’q

332925.122
332926.526

441582.554

443468 .28(I

436518.855

333097.591
333098.784

443697.954

332926.472 0.054

441582.554 0.000

4434(i8.282  -0.002

436518.931 -0.076

333099.01”0 0.22(i

443698.059 -0.105

332925.174
33292(i.4(i3
33?,926.484
441582.391
441582.377
441583.111
443467.8(i0
4434(X.576
443468.587
43(i518.508
436519.224
43(i519.235

333097.712
332926.463
332926.484
443(i97.(i37
443698.353
443(i98.3(i4



88SrIJ (in Mllz).Table IV. Molecular constants  of 88SrlI and

-..—.—— ———

Collstallt s]]] Sl”l  )

110
1){,
110 x 105

70
71)  ,0
A1s0

Adi~t X 3
1)]
111
1),

71

Ai~,,,l
Ar/ii,)] X 3

108927.8503(149)”
4 .06069(1 33)

1O.6O(27)
3717.062(94)

- 0.33(L5(9!P
146. IW(201)

4.04(40)
35159841.6(4.7)

10(i521.7245(171)a
4.05402 (131)t”

3593.800(153)
154.10(6(;)

4.37(59)

55349.1082(302)
-1 .04550( 93)

0.1378’
1888. {)12(174)

o.oMi3d
22.773d

0.[j25d
25229832.5(72)

54483.173(26)
1.04428(93)’

1844.4787(174)
22.7P

o.(i’xd

=.
a. OIIe standard dcwiatioll is il]cludd ill }Jarelltllmrw

b. Colnlnc]lt for ljotlI vil)rationalstatcs
r. lixd totllev alllesc  alclllateclfr oltltllcl) [lilllaI1l's }''s(~fl{cf [18]
d. Fixecl 10 the valumcalculatd fro]l)  tlle*8Srll constants

using isotc)lm  relatiom}lilm.



‘1’ab]c V. ]Jine intensities of the low- N rotational transitions of X2X+ state of

srl J.
- . .  .— . .— —. . . . . .— _. . —.——.——.—.——

]bcq(]a  u])c.)/h4]]z ],i]]c St]. ]og(&) l’;/CIt~-l N ’  J ’  I“ N“ J “  J’”

—.—

214073,932( 85)
214121.722(158)
214220.091(198)
219601.306(125)
219(i97.518(  47)
21{)74’7.464(102
428092.238(139 1

[1
428150.183 148
428188.451 155
428246,395(182)
433715.825( 55)
433725.979( 8$)
433773.769( 92)
437351 .598( 91)
437438.272( 58)
437447.81 1( 66)

u

442975.184 151
641925.147233
641987.269219

[642011.821 214
642073.943(220 1
651271.180(139)
651275.3.58(139
651333.302(140
(i54900.570(138
654983.169 144

[654987.244 147
664246.603(213)
855473.882(529)
855538,305(504)
855556.481 (496)
855620,904(481)
8(;8531  .905(321)
868534.205(320

II

F J 8 5 W . 3 2 8 3 1 O
872154.703315
872235.039329
872237.302330
885212.726(501

0.6548
0.3333
().3452
().3452
1.6667
0,6548
().2962
0,0333
0.0313
0.1726
1.6725
0.(XX7
().3274
0.2038
2.8000
1.7961
0.0000
0.1886
0.0095
0.0088
0.1359
2.8025
1.8000
0,]{975
0.1447
3.8571
2.8553
0.0000
0.1378
0.0040
0.0037
0.1085
3.8585
2.8571
0.1415
0,1122
4.8889
3.8878
0.0000

-3.0720
- 3.3651
-3.34{)5
-3.3281
-2.6440
--3.0495
- 2.8373
--3.7858
-3.8136
- 3.0715
- 2.0739
--2.4734
–2.7821
- 2.9813
- 1.8432
- 2.0360
- 6.6200
-2.7191
-4.0158
--4.0478
- 2.8613
- 1.5342
- 1.7265
- 2.6862
- 2.8172
_ ].39]3
-1.5220
- 6.8154
--2.6587
- 4,]993
-4.2327
-2.7623
- 1.1979
- 1.3284
- 2.6336
-2.7318
- 1.0925
- ].]9’20
_ fi.{)gg~

0.0049
0.0049
0.0000
0,0049
0.0049
0.0000
7.3332
7.3332
7,3300
7.3300
7.1456
7.1472
7.1456
7.3332
7.3332
7.3300
7.1456

2],024~
2].{)24c
2].{)2]7
2].:)2]7
21.6128
21.6147
21.6128
zl,~zd(j

j)],{)zd(j

2].{]2]7
21.6128
43.772S
43.7725
43.7697
43.7697
43.336{)
43.3390
43.3369
43.7725
43.7725
43.7697
43.33(i9

1 0.5 1
1 0.5 0
1 0.5 1
1 1.5 1
1 1.5 2
1 1.5 1
2 1.5 2
2 1.5 1
2 1.5 2
2 1.5 1
2 1.5 2
2 1.5 1
2 1.5 1
2 2.5 2
2 2.5 3
2 2.5 2
2 2.5 2
3 2.5 3
3 2.5 2
3 2.5 3
3 2.5 2
3 2.5 3
3 ‘2,5 2
3 2.5 2
3 3.5 3
3 3.5 4
3 3.5 3
3 3..5 3
4 3.5 4
4 3.5 3
4 3.5 4
4 3.5 3
4 3.5 4
4 3.5 3
4 3.5 3
4 4.5 4
4 4.5 5
4 4.5 4
4 4.5 4

---—— ———.

o 0.5 1
0 O.h 1
0 0.5 0
0 0.5 1
0 0..5 1
0 0.5 0
1 1.5 2
1 l.[i 2
1 1.5 1
1 1.5 1
1 0.5 I
1 0.5 0
1 ().5 1
1 1.5 2
1 1.5 2
1 1.5 1
1 0.5 1
2 2.5 3
2 2.5 3
2 2.5 2
2 2.5 2
2 1.5 2
2 1.5 1
2 1.5 2
2 2.5 3
2 2.5 3
2 2.5 2
2 1.5 2
3 3.5 4
3 3.5 4
3 3.5 3
3 3.5 3
3 2,5 3
3 2.5 2
3 2.5 3
3 3.5 4
3 3.5 4
3 3.5 3
3 2.5 3



‘J’ab]e  VI. line inttmsitics  of tllc  low- AT rot,atiollal transitions of X2X+ state of

Sri).

FKT](Iu  mlc.)/h411z  l,i])c Str. log(1300)  E/CJn- 1 Al’ J ’ ],nf Nll Jlt fiVl

. . . . . . . — ——

108790.149(207
10MO1 .181 ~207’
108824.309(207’
108835.340(207:
1116080151(79)
111619.557(79
111638.363(79

[
111642.311 79
111653.717 79 1
217567.905(402’
217579.105(402 :

217586.711(402 :

217597.911(402<

[
217604.658402’
217609.317402<
217616,064(402<

[
220416.118 156<
220416.287 156<
220423.034(156<

220427.319(156<

220434.065(156:
22227$).84 1 (93)

[
222291.190 93)
222298.64793)
22230(i.Wi(93

d
222309.99693
222310.05393
326298.225(579)
326309.456(579)
32(i314,021  (579)
326325,252(579)
326333,298(579)
326336.601(579)
326344.648(579)

0.7327
0.5910
0.6006
0.0757
0.0757
0.6006
2.0000
0.5910
0.7327
0.3334
0.0638
0.0623
0.1456
O. O(iOI
0.0592
0.0757
2.0043
0.7424
0!5910
0..5891
0.0733
0.0162
0.3866
0.3854
3.2000
2.0134
1.1984
0.2087
0.01 tl(i
0.0181
0.1353
0.0184
0.0181
0.097]

-4.0841
-4.1774
- 4.1702
-5.0697
- 5.04i’9
-4.14s3
-3.6257
- 4.1551
- 4.0(i16
-3.8356
- 4.5536
- 4..5640
-4.1954
- 4.5799
- 4,58(io
-4.4793
- 3.0452
- 3.47(i(i
- 3.575(i
- 3.5770
-4.4821
- 5.1310
- 3.7528
- 3.7542
- 2.834:)
- 3.03(il
- 3.X14
- 3.7063
- 4.7559
-4.7671
- 3.8945
- 4.7(io(i
- 4.7(i86
-4.0383

——— .—.. —_. _—. ._- .—- —

0.0011
0.0011
0.0000
0.0000
0.0011
0,0011
0.001 I
0.0000
0.0000
3.7250
3.7250
3.7244
3.7244
3.7244
3.7240
3.7240
3.6300
3.6304
3.6304
3.6300
3.6300
3.7250
3.7250
3.7244
3,7250
3.7244
3.7240

11.1404
11.1404

1 0.5 1.5 0 0.5 1.5
1 0.5 0 . 5 0 0.5 1!5
1 0.5 1.5 0 0 . 5  ().!5
1 0!5 0 . 5 0 0.5 0.5
1 1.5 0.5 0 0.5 1.5
1 1.5 1!5 o 0.5 1.5
1 1.5 2.5 0 O.?L 1.5
1 1.5 0.5 0 0.5 0.5
1 1.5 1.5 () 0.5 0.5
2 1.5 2.5 1 1.5 2 . 5
2 1.5 1.5 1 1,5 2.5
2 1.5 2.5 1 1.5 1.5
2 1.5 1.5 1 I.L 1.5
2 1.5 0.5 1 1.5 1.5
2 1.5 1.5 1 1.5 0.5
2 1.5 0.5 1 1.5 0.5
2 1.5 2.5 1 0.5 1.5
2 I.L 1.5 1 0.5 0 . 5
2 1.5 0.5 1 0.5 0.5
2 1.5 1.5 1 0.5 1.5
2 1,5 0.5 1 ().5 1.5
2 2.5 1.5 1 1.5 2.5
2 2.5 2.5 1 1.5 2 . 5
2 2.5 1.5 1 1.5 1.5
2 2.5 3,5 1 1.5 2 . 5
2 2.5 2.5 1 1.5 1.5
2 2.5 1.5 1 1.5 0 . 5
3 2.5 3.S 2 2.5 3.!5
3 2.5 2,5 2 2.5 3.5

1,1398 3 2.5 3.5 2 2.5 2 . 5
1,1398 3 2.5 2..5 2 2,5 2.5
1.1398 3 2.5 1.5 2 2.5 2.5
1.1395 3 2.5 2.5 2 2.J 1.5
1.1395 3 2.5 1.5 2 2.5 1.5

——.



,’

‘J’able VI. Line intensities of the  low-N rotational transitions of X2>;+ state of

Srll.
..—. — -.. -... ——..

11’Iq(la u]]c. )/hlllz  l,;IIC  St,r. 10g(13[,0) i t / c m- 1  N ’  J ’ 1,’1 Nll Jfl ],VI

[~

331037.306 160
331037.337 160
331038.637 160
331045.383 160
331048.537(160
331056.584(160)
332899.331 (91 )

u
332910.65991
332915.12791
332925.1 66(91 )

[
332926.455 91)
332926.476 91)
434955!435(736
434966.680(736 1
434969,942(736
434981.187(736 1

[1
434989.954 736
434992.515 73(i
435001.282(736
441582.376(150 1
441582.389(150)
441583.110(150)
441G91.156(150)
441 L93.620(150)
441602.388(150)

H
443442.’746 103
443454.063 103
443457.252(103)
443467.854(103)
443468.570(103)
443468.581(103)
543514.715(888)
543525,968(888)
543528.506(888)

u

543539,758 888
543548.983 888
543551.076(&sfs
543560.301(888)

. ..—

3:2018
2.0171
1.2000
0.3829
0.3824
0.0159
0,0059
0.2811
0.2807
4.2857
3.1474
2.2848
0.1502
0.0078
0.0076
0.1117
0.0078
0.0077
0.0882
4.2867
3.1494
2.2857
0.2792
0.2’790
0.0058
0.0028
0.2202
0,2200
5,3333
4.2242
3.3328
0.1167
0.0040
0.0039
0.0932
0.0040
0.0039
0.0773

- 2.507(; ]o.f]~23 3 2.5 3.5 2 1.5 2 . 5
-2.7083 10.9827 3 2.5 2.5 2 1.5 1.5
--2.9339
-3.4300
- 3.4305
-4.8122

5.2394
- 3.5596
- 3.5602
- 2.3765
- 2.5105
-2.6496
- 3.6264
_ 4.{)09(j
-4.9209
-3.7547
. 4.{)]03
- 4.{)]9]
- 3.8576
-2.1574
-2.2913
-2.4305
-3.3437
-3.3440
- 5.02(i4
-5.3455
- 3.4436
- 3.4439
- 2.05{)4
- 2.1606
- 2.2636
-3.5767
- 5.0419
- 5.0532
- 3,6745
- 5.0414
-5.0507
- 3.7558

0.9829 3 2.5 1.5 2 1.5 0.5
0.9827 3 2.5 1.5 2 1.5 1.5
0.9823 3 2.5 2.5 2 1.5 2 . 5
0.9823 3 2.5 1.5 2 1.5 2.5
1.1404 3 3.5 2.5 2 2.5 3.5
1.1404 3 3.5 3.5 2 2 . 5  3.5
1.1398 3 3,5 2.5 2 2.5 2.5

11.1404
11.1398
11.1395
22.2455
22.2455
22.2451
22..2451
22.2451
22.2447
22.2447
22,0245
22.024{1
22.0251
22.0249
22.0245
22.0245
22.2455
22.2455
22.2451
22.2455
22.2451
22.2447
37.0380
37,0380
37.0376
37.0376
37.037(;
37.0372
37.0372

3 3.!5 4.5 2 2..5 3.5
3 3,5 3.5 2 2.5 2.5
3 3.5 2.5 2 2.5 1.5
4 3.5 4.5 3 3 . 5  4.5
4 3.5 3.5 3 3.5 4.5
4 3.5 4,5 3 3.5 3.5
4 3.5 3.5 3 3.5 3.5
4 3.5 2.5 3 3.5 3.5
4 3.5 3.5 3 3.5 2.5
4 3.5 2.5 3 3.5 2.5
4 3.5 4.5 3 2.5 3.5
4 3.5 3.5 3 2.5 2.5
4 3.5 2.5 3 2 . 5  1.5
4 3.5 2.5 3 2 . 5  2.5
4 3.5 3.5 3 2.5 3.5
4 3.5 ‘2.5 3 2.5 3 . 5
4 4.5 3.5 3 3.5 4.5
4 4.5 4.5 3 3.5 4.5
4 4.5 3.5 3 3.5 3.5
4 4.5 .5.5 3 3.5 4 . 5
4 4.5 4.5 3 3.5 3.5
4 4.5 3.5 3 3,5 2.5
:) 4.5 5.5 4 4.5 5.5
5 4.5 4.5 4 4 . 5  5.5
5 4.5 5.5 4 4.5 4.5
5 4.5 4.5 4 4.5 4,5
5 4.5 3.5 4 4.5 4.5
5 4.5 4.5 4 4.5 3.5
5 4.5 3.5 4 4.5 3.5

—_________
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11’IGUIW CAI’TIONS

Figure 1.

l’o]tio]l of tllc illfrarml mnissiol)  slmctmln  of S111.

‘J’l)c transitions Of tl)c free radical ap])car  ill cll]ission 011 tllc top of a

lalgc continuum which origi]]atcs IIIostly  froln tl]c walls of tlIc lIot d].

Figure 11.

ltxl)al)dcd portiol)  of tl)c illframd mnissioll sl)cctrum  of $irl].

al’oulld  tllc 1’(9) line of t,l]c fulldalnclltal  l)al]~].

‘1’1)[:  dollbld  structure  of tllc miatlio]lal  lillcs is a result of sj)littillg

of tllc c]]crgy ICVCIS  duc to spill -mt,atioll  illtcracti  Oil.

l“igure  111.


